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INTRODUCTION

In response to helicopter pilots' chronic complaints of lower back dis-
comfort aggravated by cold drafts and excessive in-flight vibration, the
German Air Force has commissioned the development of a modification kit to
be retrofitted to the pilot and copilot seats of their UH-1D helicopters.
The modification consists of a molded fiber glass seat pan and contoured
seat and back cushions which are attached to the standard UH-1D seat frame
once the support material has been removed. The cushions are intended to
improve comfort by increasing support to the thighs and lower back, provid-
ing improved vibration dampening characteristics, and increasing cold weather
comfort by eliminating the open weave design of the net seats.

An initial subjective evaluation of the modified seats was conducted by
the German Air Force wherein pilots flew typical operational missions in the
modified seat and then answered a questionnaire about the seat after the
completion of the mission. Data from approximately 100 missions were
analyzed. This study indicated that the majority of the respondents felt
that the modified seat was generally less fatiguing than the standard seat,
there were fewer complaints of back and extremity pain during flight,
objectionable vibration was considerably reduced (i.e., writing on a knee
board was felt to be easier), and the problem of cold drafts to the back and
thighs was completely eliminated (Knoche, unpublished data).

Based on these initially encouraging results, the German Air Force
accepted an offer from the United States Army Aeromedical Research Laboratory
(USAARL) to conduct objective in-flight evaluations of the vibration dampening
capability of the modified seat and to test the impact tolerance of the seat
as compared to the United States Army UH-1H armored and unarmored seats.
This report presents the results of those tests as well as the results of a
questionnaire answered by United States Army pilots who flew in the modified
seat.

METHODS

VIBRATION MEASUREMENTS

Vibration data were obtained for the modified seat and the standardUH-lH unarmored seat mounted in the copilot (left) and pilot (right)

positions respectively of the same JUH-lH helicopter. Seven male volunteers
with heights and weights shown in Table 1 were flown over a standard flight
profile (Appendix A) twice, once in each seat, while their hands and feet
rested lightly on the controls. Each subject wore the standard US Army
flight suit, boots, gloves, and SPH-4 helmet. Vibration data were recorded
continuously during the flight profile from three locations: the seat rail,
the seat pad, and the mouth of the volunteer.

7



TABLE 1

VOLUNTEER ANTHROPOMETRY

VOLUNTEER HEIGHT/PERCENTILE WEIGHT/PERCENTILE AGE
(cm) (percent)* (kg) (percent)* (years)

1 175.3 (55) 84.1 (72) 35
2 188.0 (98) 77.3 (50) 34
3 181.6 (88) 82.7 (69) 34
4 168.9 (19) 64.6 (13) 31
5 172.7 (39) 71.4 (30) 33
6 172.7 (39) 61.4 (7) 36
7 172.7 (39) 68.2 (20) 36

* Churchill, Edmund, et al., 1971

The selection of the volunteers was based primarily on weight in order
to assure the widest range possible from those aviators potentially available
for this experiment. The flight profile was based on several considerations.
Safety was most important. Therefore, any maneuvers which involved even
moderate risk were excluded from consideration. The second consideration
was reproducibility. A profile that could be flown with a high degree of
reliability by a single test pilot from both the pilot and copilot positions
was required. For this reason, nap-of-the-earth flight and complex maneuvers
were excluded. Third, it was felt that the flight profile should resemble an
actual mission as much as possible. Consequently, a flight profile which in-
cluded takeoff, landing, three-foot hover, 50-foot hover, standard rate turns
and level flight was adopted (Appendix A).

Prior to his participation in this study, each volunteer was briefed on
potential risks. He then was weighed and measured and fitted with an
accelerometer mouth mount. Photographs of each subject with the mouth mount
in place were taken in order to document the position of the accelerometer
relative to the estimated center of mass of his head (Appendix B).

L
At the time of the experiment, the subject positioned himself in the

instrumented seat and assumed a normal flying position with his hands and
feet resting on the controls. In this manner, he would be coupled to the
controls but would not interfere with control movements. After calibration
of the instrumentation, the mouth-mount accelerometer was passed to the
subject who would place the accelerometer bite bar comfortably but firmly

!



A r]

between his 'eeth. When the pilot was ready for takeoff, a technician
started the tape recorder, performed a visual check to insure all equipment
was operating correctly, and then informed the pilot that he could begin the
flight. Data were collected continuously until the completion of the flight
profile.

The instrumentation utilized for the vibration measurement and analysis
portion of the study is shown in Figure 1. Three sets of accelerometers
were used. The first set consisted of a Columbia triaxial piezoelectric
accelerometer which was securely clamped to the left seat rail of the seat
being tested. Three Kaig-Swiss charge amplifiers amplified the signal from
the rail-mounted accelerometers and the amplified signal was recorded on an
EMI 7000M tape recorder. An Endevco Model VT-3 pad weighing 513 grams and
containing three orthogonally-mounted piezoresistive accelerometers was used
to sense accelerations at the buttocks of the subject. Output from the ride
pad was amplified by an Endevco Model 4470 signal conditioning system and
recorded on the same tape recorder. The mouth-mount accelerometer consisted
of five piezoresistive, critically damped, Entran Model EGAL 125-10D
accelerometers which were mounted as shown in Figure 2. A Metraplex Series
300 instrumentation system which incorporated five Model 340D strain gauge
amplifiers preconditioned the output of the mouth-mount accelerometers
prior to recording. Additional signal inputs to the tape recorder included
intercom communication and time code data produced by a Sistron Donner
Model 8150 time code generator.

YTE OLG | EAI MINI-AC |
TEH NL G 

S Y S TR O N  
I - ANALOG

DONNER CMPUTER\ITIME CODE/ --FNCOEM. 700 .,COL. E "T"
VIE TP660 PAKR

ANT TAPREORER SPEL fCTRUM 160C DATA 9-82PCKAR"c°o" / ,',-;ANA'L RECORDERI COMPUTER

77METRAPLEX 340D
;;:! :~~i5: Channels: Head Accelerometer , AMPLIFIERS

~ENO|VC0 4470

COLUMBIA
ACCELEROMETER

FIGURE 1. Instrument Diagram for Accelerometer Measurement
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FIGURE 2. Bite Bar Accelerometer Mount

"Turn over" calibrations of the mouth-mount accelerometer were performed
immediately prior to the flight of each subject. This involved inverting the
mouth mount with respect to the sensitive axis of each accelerometer to
provide a standard 9.8 m/s 2 calibration signal. The accelerometer output
was monitored using a voltmeter to ascertain that the calibration factor
of the accelerometer had not changed due to ambient temperature fluctuations
or inadvertent damage to the accelerometer. A "turn over" calibration
chzK also was performed on the ride pad accelerometers. After calibration,
the ride pad was installed on the seat under test and taped down with
masking tape. A 1.000 volt 100 Hz calibration signal was recorded at the be-
ginning of each new tape using an Endevco Model 4825A accelerometer simulator
to provide the input signal. This calibration signal provided a fixed
reference on tape to indicate the sensitivity of each channel. This reference
was used to scale the data during spectral anlaysis.

As shown in Figure 1, an EAI Mini-AC Analog computer was used to pre-
process the mouth-mount accelerometer data. This preprocessing converted
the output of the five mouth-mount accelerometers to three linear accelerations
(X, Y, and Z) plus two angular accelerations (pitch and yaw), all of which
were referenced to the approximate center of gravity of the volunteer's
head. A detailed description of this data reduction procedure is contained L
in Appendix B.

The preprocessed acceleration data were transformed with the Nicolet
660 FFT analyzer. The settings for the Nicolet 660 FFT analyzer are shown
in Table 2. Paired inputs to the two-channel Nicolet FFT analyzer are

-4 shown in Table 3. Vibration data were averaged over the entire flight to
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produce one spectrum for each accelerometer. Each of these spectra was
stored on 512 inch floppy disks using the Nicolet 160C Data Recorder. Once
all data had been stored on disks, a Hewlett-Packard 9825S Desk Top Computer
was used to compute resultant accelerations (aT = (a 2 + ay2 + az2 ) ) for
all recording positions. The data then were averaged over all subjects.
These computations reduced the data to three spectra: one for the seat
rail (floor), one for the seat pad (seat), and one for the volunteer's head.

TABLE 2

PARAMETER SETTINGS FOR NICOLET 660 SPECTRUM ANALYZER

PARAMETER SETTING

MODE 1K CH A-B FFT

FUNCTION RMS SPECTRUM

AVERAGE SUM

CHANNEL A INPUT 1.0 Volts

AC COUPLED (-3 dB @ 0.5 Hz)

NORMAL MODE

CHANNEL B INPUT 1.0 VOLTS

AC COUPLED (-3 dB @ 0.5 Hz)

NORMAL MODE

CAPTURE CONTROL CONTINUOUS (HANNING
WINDOW)

6

FREQUENCY RANGE 200 Hz (2.0 SEC WINDOW)

Transmissibility -unctions were used to compare the resultant spectra.
I Transmissibility is the nondimensional ratio of the response acceleration

(seat or head) to the excitation acceleration (seat rail). The resultant
accelerations derived from the accelerations measured from the volunteer
in the modified seat subtracted from the resultant accelerations derived
from the accelerations measured from the same volunteer in the standard
seat were used to describe the differences in the vibration levels between

* the two seats.

II



TABLE 3

VIBRHTION SPECTRAL COMPONENTS AND THE DERIVATION
OF THE COMPARATIVE SPECTRA

INPUT RESULTANT TRANSMISSIBILITY DIFFERENCE

ACCELERRTION ACCELERATION FUNCTIONS GRAPHS

SPECTRA

EXCITRTION RESPONSE

X Xh h h h hz21/ R -Rf h Rh=(Xh+Y+Z) 2  Rh h(st)- h(g)

R
S

Y Y R -(X2+y2) 1/ 2  R R -R
s S s(st) s(g)

Rf

Z Z Rf-(x2 +Y2 +Z2 )1'2  R R -R
f h f f f s f(st) f(g)

R f

,'i't ,Z P x2P -P
'', f Ph XP.+ h(st)-Ph(g)

f f

f-FLOOR s -SEAT

g - GERMAN st - STANDARD

h -HERD X - X AXIS ACCELERATION

P - PITCH ACCELERATION Y - Y AXIS ACCELERATION

R - RESULTANT RCCELERRTION Z - Z AXIS ACCELERATION

IMPACT TESTING

Impact testing of the German-modified seat and the standard armored
and unarmored UH-lH seats was performed on the horizontal sled at the CivilAeromedical Institute (CAMI) in Oklahoma City, Oklahoma, utilizing a 50th

percentile anthropometric dummy. Tests were conducted according to the
test plan in Appendix C. Each seat was mounted to the test sled as shown
in Figure 3. The angle of the "floor" to the vertical was 16 degrees. This

12
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Hood Accel

Pelvis Asset V

SlId Ase

FIGURE 3. Test Sled Seating Configuration

angle included 12 degrees to assure that the impact deceleration vector was
aligned parallel to the dummy spine plus an additional 4 degrees forward
pitch to offset the effect of gravity in reducing hyperflexion of the dummy
spine during impact. Four degrees forward pitch allows the body's component
of vertical acceleration in a 14.59 impact to cancel the effect of gravity.
To facilitate reduction of the data, this particular value was selected to
be identical to that being used in an ongoing triservice human surrogate
impact test program being performed on the UH-60A Blackhawk helicopter
pilot's seat. The seat height was adjusted to a mid-position setting (6 cm
up from the bottom) to correspond to the height of the dummy.

A 50th percentile Department of Transportation Part 572 dummy was used
for all impact tests. The dummy's total mass including helmet (regular size
SPH-4) and clothing was 80 kg. All the joints were adjusted to provide 1 g
resistance to rotation. Triaxial accelerometers were mounted at the head,
chest, and pelvis of the dummy as shown in Figure 3. A specific procedure
was used to insure identical positioning of the dummy in the seat for all
tests (Appendix C). The inertia reel was set to the automatic position prior
to all sled runs.

The dynamic sled inputs prescribed for the 11 tests are summarized in
Table 4. Four pulse shapes and velocity changes were selected. The first
(4.9 m/sec) attempted to simulate a hard landing that would collapse the
skids on hard soil and bring the fuselage into contact with the ground
without significant airframe deformation. The second (6.1 m/sec) was
slightly more severe and would probably cause fuselage deformation. The

13
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TABLE 4

IMPACT TEST DESCRIPTION

T-

I TEST APPROXIMATE
NO. DESCRIPTION PERCENTILE

(CAMI AV PULSE SHAPE CSDG CRASH_*
SEAT IDENTITY NO.) m/sec (g vs. t) (9) (Av)

( 84.9 648% 16%

(087) 2 629m

2 6.1 o 62% 30%
STD UH-1 PILOT SEAT (088) 2g 10i4ms lo
ARMOR PLATE (RIGID
FRAME) WITH CONTOURED u109 149
OPEN WEAVE SUPPORT 307.3 72% 50%

(095) 29g 1

I1951-F 24g

4 11.3 2 9 249 85% 90%
(097) 29

30_s 69ms

5 4.9 SAME AS TEST 1 48% 16%
STD UH-1 PILOT SEAT (090)
TUBULAR RIGID FRAME
WITH OPEN WEAVE 6 6.1 SAME AS TEST 2 62% 30%

SUPPORT (089)

7 7.3 SAME AS TEST 3 72% 50%
(091)

8 4.9 SAME AS TEST 1 48% 16%
(092)

STD UH-1 PILOT SEAT 9 6.1 SAME AS TEST 2 62% 30%
TUBULAR RIGID FRAME (093)
WITH CONTOURED FOAM
BOTTOM AND BACK 10 7.3 SAME AS TEST 3 72% 50%

CUSHION (094)

11 11.3 SAME AS TEST 4 85% 90%
1 (096)

• Department of Army, 1980
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third pulse (7.3 m/sec) would have definitely caused fuselage deformation.
It also represents a 50th percentile vertical velocity change based on the
Aircraft Crash Survival Design Guide (ACSDG) (Department of the Army, 1980).
The final pulse simulated a very severe crash (11.3 m/sec) that is known to
cause back injury in most cases where a load limiting seat is not used. In
all four cases, the pulses began with an initial 2a load. The pulse shape
was selected to be consistent with a level impact of the UH-lH on hard soil.
The velocity change and average g levels used in these pulses are related in
Table 4 to the relative frequency of occurrence of these values for surviv-
able rotary-wing and light fixed-wing aircraft accidents as stated in the
ACSDG. All runs were photographed in frontal and profile views using 500
frame/second, 35 mm realtime cameras.

QUESTIONNAIRE SURVEY

Subjective data relating to the comfort, support, and vibration dampening
capability of the modified seat were obtained by having all pilots who
actually flew from that seat for over one hour answer a short questionnaire
(Appendix D). These pilots were not specifically recruited to fly in the
seat, nor were they prebriefed on the potential merits of the seat.
Twelve pilots flew in the seat incidental to other research or training
fliaht missions and were asked to respond to the questionnaire immediately
post-flight.

MATERIALS

UH-lH ARMORED PILOT SEAT

The standard UH-lH armored seat is fully described in US Army Technical
Manual TM 55-1520-210-20P-1 (Department of the Army, 1974), but the more
prominent features will be described here. The seat consists of a contoured
tubular metal frame attached to an armor plate "bucket." A net fabric is
stretched over the contoured frame and when properly tightened, suspends
the buttocks 2 to 4 cm above the armor plate. The armor plate bucket is
attached to a tubular, rigid structural frame that is mounted to the aircraft
floor by "I" beam tracks that provide for fore and aft adjustment of the
seat. Vertical adjustment is obtained by means of sliding pin adjustments
through the tubular steel structural frame. The lap belts are anchored to
the aircraft floor; however, the shoulder harness is attached to the seat
back. The seat is equipped with a mechanism to allow for tilting the
entire seat backward to permit rescuers to extract a disabled pilot through
the rear cabin.

15



UH-lH UNARMORED PILOT SEAT

The unarmored UH-lH seat is also described in US Army Technical Manual
TM 55-1520-210-20P-1 (Department of the Army, 1974), and consists of a rigid
contoured tubular structural frame over which a net fabric is stretched to
provide buttock and back support (Figure 4). This frame differs from the
armored seat frame in that it is designed to withstand greater vertical
crash loads. The net suspends the buttocks 5 to 10 cm above the lower portion
of the tubular frame in order to provide for stretch of the material under
vertical impact loads. The seat frame is mounted on a structural frame
that provides the same vertical and longitudinal adjustments as the armored
seat frame. Both the lap belt and shoulder harness tiedowns are to the air-
craft floor (Figure 5). There is no tiltback feature with this seat.

4L

FIGURE 4. Unarmored Seat, Net Fabric
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MODIFIED UH-lH PILOT SEAT (WEST GERMAN)

The West German modification kit for the unarmored UH-lH pilot seat was
designed and produced by the firm F. S. Fehrer and is illustrated in Figures
6 through 14. It consists of a 3 mm thick fiber glass cloth-resin molded
seat pan that is bolted by brackets to the standard unarmored seat contoured
frame after the net has been removed. A 15 mm diameter hole is provided at
the lowest point of the seat pan to insure venting of the cushions. Separate
seat and back foam contoured cushions are fitted into the seat pan. The
cushions were shaped so as to provide for increased lumbar support and ex-
tended thigh support compared to the standard seat. Due to the extended
length of the bottom seat cushion, the forward edge was notched to permit
full aft and lateral cyclic when the seat is adjusted to the forward-most
position. The foam itself was designed to provide for maximum vibration
dampening. According to the manufacturer, this is best achieved through a
layering process alternating various densities of polyurethane foam with latex
impregnated animal hair. Each cushion was, therefore, constructed of six
layers as follows: 1) polyurethane foam, 4 mm thick; 2) latex-animal hair,
54 mm thick; 3) polyurethane foam, 80 kg/m 3 , 50 mm thick; 4) latex-animal
hair, 15 mm thick; 5) polyurethane foam, 120 kg/m 3 , 25 mm thick; and 6) latex-
animal hair, 2 mm thick. The cushions then were covered with a flame-resistant
material that is applied to a lining of upholstery wadding. A cross section
of the seat pan cushion is shown in Figure 15.

Or

FIGURE 5. UH-1 Unarmored Seat, Rear View

17
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FIGURE 6. German Seat, Side View FIGURE 7. German Seat, Side View,
Seat Cushions Removed

FIGURE 8. German Seat, Front View FIGURE 9. German Seat, Front View,
Seat Cushions Removed

18
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FIGURE 10. German Seat, Rear View

FIGURE 11. German Seat, Back Cushion, FIGURE 12. German Seat, Back Cushion,
Front View Rear View
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FIGURE 13. German Seat Pan Cushion FIGURE 14. German Seat Pan Cushion
Insert, Top View Insert, Bottom View

530mm a

150mm

Polyuretharte Foay,

0 - Polyrettm FOaM

Latex, Afftl Hair

Glatae-Type Cover

0 FIGURE 15. German Seat Cushion Cross-section
and Dimensions (in cm)
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RESULTS

VIBRATION MEASUREMENTS

The linear floor-to-seat vibration transmissibilities for the unarmored
and modified seat are compiled in Figure 16 for the principal and harmonic
frequencies of the UH-lH main rotor frequency averaged over all subjects.
Similarly, the linear floor-to-head vibration transmissibility and pitch
floor-to-head vibration transmissibility are shown in Figures 17 and 18.
Graphs depicting the difference between combined resultant acceleration
spectra for the two seats are presented in Figure 19. The resultant
averaqe acceleration spectra for each subject and for the average of all
subjects are presented in Appendix E. The transmissibility spectra are

g presented in Appendix F.
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FIGURE 16. Floor-to-Seat Linear Vibration Transmissibilities
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FIGURE 17. Floor-to-Head Vibration Transmissibilities for the
Standard and Modified German Seat
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FIGURE 18. Floor-to-Head (Pitch) Vibration Transmissibilities
* for the Standard and Modified German Seat
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The comparative data from this experiment were used to determine the
statistical significance of the differences observed. The statistical meth-
ods used were the multivariate analogue of the paired t-test using Hotellings
T as trmc test statistic and the General Linear Regression (GLR) model with
dummy regression variable. The latter method was used to support the statis-
tibal results obtained from the multivariate test. The GLR technique was
applied only to the acceleration composite scores at six selected frequencies:
5.4, 10.8, 21.6, 32.4, 43.2, and 54 Hz. These frequencies were selected
since they are the major vibration frequency components transmitted from the
floor of the UH-1H helicopter. The primary vibration frequency caused by the
main rotor system is at 5.4 Hz, and the other five frequencies represent the
successive odd-harmonic frequencies of the main rotor system. Additional
details of the analyses are provided elsewhere (Holt and Wells, 1982).

The results of the multivariate test revealed that a statistically
significant (pO.05) vector of mean differences of head, seat, and floor
existed between the standard and German seat at 10.8 and 43.2 Hz in favor
of the German seat. Use of Fisher's lambda test and the harmonic mean of
the F-values from the multivariate tests for all six frequencies showed that
the overall means of the vector of mean differences were statistically sig-
nificant (pO.05) for the two seats, again in favor of the German seat.
Neither seat configuration exceeds the International Standard Organization
(ISO, 1974) guide for the evaluation of human exposure to whole body vibra-
tion fatigue-decreased proficiency boundary for 4 hours of operation.

IMPACT TESTING

Table 5 summarizes the results of the 11 sled tests conducted on the
three different seat designs. The actual input pulses differed only slightly
from the planned pulses shown in Table 4. The test plan had originally called
for four sled tests to be carried out on each of the seats at 6g, log, 14g,
and 24g. The 24g run was omitted for the standard unarmored seat since suf-
ficient number if these seats were unavailable to conduct all four runs.

Figures 20 through 23 show the amplitude versus time acceleration
tracings for the sled floor and the gz dummy pelvis accelerations for each
of the seats tested under the four impact conditions. The pelvis g accel-
erations were essentially identical for all seats for the 6g- and the 9g-
impacts. However, for the 13g- and the 24g-sled impacts, pelvis peak gz
accelerations were considerably lower for the modified seat impacts than
for either of the two standard seat impacts. This same trend is apparent
for head and chest peak gz accelerations (Table 5). The actual acceleration
tracings for all 11 sled tests are contained in Appendix G.
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QUESTIONNAIRE SURVEY

There were 12 pilots who flew in the modified seat for longer than one
hour and were, therefore, asked to respond to the questionnaire. Although
this sample size was not large enough to be statistically significant,
gven the magnitude of the differences observed, some interesting trends
were noted. Eleven of the respondents (92%) rated the modified seat as
better than the standard seat in terms of comfort and utility, and one felt
it to be equal. The pilots who gave the modified seat higher ratings cited
several positive factors. These were better back support (67%), better
vibration isolation (75%), and better thigh support (83%).

The only negative comments made about the modified seat related to
poor ventilation to the back and buttocks and also to problems in adjusting
the modified seat low enough. Four out of six pilots who flew from the
modified seat when the ambient temperature exceeded 24 degrees C complained
of perspiration build-up on their backs and buttocks. This problem was not
reported for temperatures below 24 degrees C. In the full down position,
the modified seat cushion is approximately 3.5 cm higher than the standard
seat net support. For this reason, 75% of those subjects who normally
adjust their seat to the full down position complained that they were unable
to adjust the modified seat low enough. However, none of them felt that
this situation interfered with their ability to safely control the aircraft.

DISCUSSION

VIBRATION MEASUREMENTS

The statistical results indicate that the vibration transmitted by the
two seats are different, with the modified seat performing slightly better
overall than the standard seat, but the evidence is not overwhelming. The
modified seat passed slightly less vibration to the head of the occupants
than the standard seat, but this result is probably not operationally sig-
nificant in terms of comfort or ability to read instruments or to write on
a knee board. Looking at the difference graphs of the modified seat
(Figure 19), the resultant linear acceleration of the head is consistently
less in the spectrum from 0 to 200 Hz. However, the angular acceleration
of the head is greater in the modified seat at 5.4 Hz, a critical frequency
since it corresponds to whole-body resonance.

Over the rest of the spectrum, the modified seat transmits less angular
acceleration to the head. Although the modified seat passes considerably
more vibration above 43.2 Hz, the physiological effects above this frequency
should be local, as the transmissibility of the whole body in this frequency
range is very low (Griffin, 1975; Lewis, 1980). That the spectral character-
istics of the transmissibilities of the two seats have different overall shape
is attributed to differences in assumed posture of the occupants of each seat.
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In a general sense, the effects of vibration are a logarithmic function
of intensity. Not only are the relative differences in intensity between
the two seats small, but the absolute level of the vibration is low. Therefore,
even though the differences in vibration intensity transmitted by the stand-
ard and modified seat are statistically significant, these differences should
be inconsequential from an operational or functional standpoint.

IMPACT TESTING

For sled impacts with peak acceleration exceeding 13g, the modified
seat performed considerably better than either of the standard seats in
reducing decelerative forces transmitted to the dummy. This was particulary
pronounced at the highest sled impact level tested (24g). At the 24g level,
peak pelvis acceleration in the modified seat was 60 percent less than that
measured in the standard armored seat. This difference was significant
enough to have changed the level of acceleration sustained by the subject
from one that was distinctly nonsurvivable to one that was potentially sur-
vivable.

The load reducing capability of the modified seat is attributed to the
construction of the fiber glass seat pan which exhibited marked deformability
during impact at the higher levels (unlike the more rigid response of the
standard seats). The reduction in transmitted accelerations demonstrated by
the modified seat certainly is encouraging; however, it should be emphasized
that all these experimental impacts consisted of essentially pure gz loading.
Due to the deformation characteristics of the fiber glass seat pan, it is
assumed that the modified seat will perform equally as well under combined
axis inputs as long as these forces do not exceed the tie-down strength of
the seat frame. Unfortunately, previous impact testing of UH-lH helicopters
has shown that the tie-down strength of the pilot seats is marginal at best.
The longitudinal load limit for the occupied unarmored seat is approximately
21g, and that for the armored seat is only in the range of 10 to 15g (Haley,
1968; Reed, 1965). Consequently, unless the tie-down strength of the seat
frame also is improved, the potential injury reducing capability of the
modified seat may not be realized in many accidents due to the failure of
the seat frame attachments.

QUESTIONNAIRE SURVEY

The majority of the subjects commented very favorably upon the increased
thigh and lumbar support provided by the modified seat and they also per-

4 ceived that the seat provided superior vibration dampening than the standard
UH-lH seats. This latter observation is not well supported by objective
vibration measurements and probably stems from the subjects' generally
favorable opinion of the overall comfort of the seat.
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The modified seat was designed to eliminate the problem of cold drafts
to pi1f'l;' backs and buttocks while operating the helicopter with the doors
onen in the relatively low ambient temperatures generally encountered in
Europe. Certainly, the seat met this objective; however, it appears that

operating temperatures above 24 degrees C, subjects complain of discomfort
*::d Perspiration build-up due to the poor ventilation afforded by the seat
cushions. It is possible this particular negative feature of the seat could
overshadow the positive comfort features when it is used in high temperature
environrents.

CONCLUSIONS

The modified seat appears to have achieved most of its design objectives
by improvinq aircrew comfort through increased lumbar and thigh support and
through the elimination of cold drafts to the back and buttocks during cold
weather operations. Additionally, the modified seat will provide considerably
better impact protection for its occupants than the standard seats, provided
the seat frame and restraint system do not tear loose from their attachments
during the crash sequence. However, the modified seat does not provide
substantially better vibration dampening over that of the standard unarmored
seat as determined by transmission of vibration to the test subjects' heads.
It also should be considered that for operations in high ambient temperatures
and humidities, the lack of ventilation through the cushions could prove
to be a major source of discomfort to pilots, particularly during extended
operations.
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APPENDIX A

EXPERIMENT FLIGHT PROFILE

1. Three foot hover (end of runway).

2. Normal takeoff (rate of ascent undefined).

3. 90 knot downwind, 1000 feet above ground level (AGL).

4. Normal approach, terminating at a 50 foot hover for 30 seconds.

5. Departure from 50 foot hover.

6. 110 knot downwind, 1000 feet AGL.

7. Normal approach terminating at a three foot hover.

33



K

'U t

I.
I.

p.

34

U

a:'



APPENDIX B

HEAD ANGULAR ACCELERATION DETERMINATION

An accelerometer bite bar was developed by Jex. The bar is schematicized
in Figure B-1.

Earhole +
Stereotaxic Reference Points
(ear and eye hole tangents)

I . Measurement Axes

n, n2 Vertical

fn3  n4 Lateral

SnZ

ny

FIGURE B-1. Schematic View of Accelerometer Bite Bar.

The bar has a mass, with accelerometers, of 30 gms and a center of mass
11 cm from the anterior end of the bar. The bar uses 5 ENTRAN Model EGAL-
125-1OD ultraminiature accelerometers that are critically damped (CL-0,7)
and have a nominal frequency response of DC-150 Hz. The sensitive axis of
each accelerometer is shown in Figure B-1. The Z1, Zp and Y1 , Y2 accelero-
meter pairs were phase-matched by selecting those uni s that had the most
similar calibration curves, making the assumption that each accelerometer
was a linear second order system.

Two major data translation steps are taken to normalize the angular
acceleration of the head. First, the accelerometer bite bar configuration
is made to mathematically correspond to the coordinate system defined in
Figure B-1. This method is used to resolve inter-subject differences in the
angle in which the bite bar sits, Second, from the measurement of acceler-
ation at two points collinear with the center of mass of the head, the linear
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and angular acceleration of the head can be derived. The first step, the
mouth-mount accelerometer reference model, is performed as follows: (refer
to Figure B-2).

rT
C D/

1r

FIGURE B-2. Reference points for resolving inter-subject bite bar anqle
differences.

a. A side view and front view photograph are taken of the head of the
K subject with the bite bar in place. Distance from camera should be approxi-

mately three feet for adequate resolution.

b. The outline is traced onto paper.

c. The following reference points are identified on the tracing paper.I

(1) A: anatomical top right distal corner of the bite bar.

(2) B: anatomical top right proximal corner of the bite bar.

(3) C: earhole.

(4) D: Eye point (point of intersection of cornea and cheek).
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(5) E: point that intersects AB and line perpendicular to CD.

(6) F: intersection of AB and CD.

(7) G: point directly vertical to A, directly horizontal B.

(8) H: point of FC100 units from F.

(9) I: point of FAO0 units from F.

(10) J: point on line that intersects B and is parallel to the sagittal
plane, inferior to B, and is collinear with A on a line perpendicular to the
line parallel to the sagittal plane.

(11) K: point on sagittal line collinear with AJ.

(12) L: anatomical top left distal corner of bite bar.

(13) M: 0.83 = factor to accommodate stereotaxic effects

_ apparent width of proximal end of bite bar
apparent width of distal end of bite bar

(14) N: location on bite bar 11.7 cm from A. To locate N, measure AF
from the photo and solve for AN from the photo:

16.4 A

locate N by measuring AN from A.

(15) 4 HFI

(16) = 180 - L-JBA

(IKI D-(V KI W )--

Ti 
-I 

Kn 0

TiT VI 72-'K
*6l

PPOT

13

FIGURE B-3. Linear equation patch circuit.
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The constants K1 and K2 are scaling factors for ZI and Z2 , respectively.
These values are an average over trials of accelerometer sensitivity
(m/sec2/volt). The angular acceleration reduction follows the same process.
Therefore, the constants K and K vary with the axis of measurement.1 2
The ratio 2 varies between subjects. V1 and V2 are the transducer input

S
voltages. From the schematic diagram, the scaling equations reduce to:

= -A0 3 (a), [rad/s 2 ]

• = -A03 (K3), [rad/s
2]

S

= -A02 (K2), [m/s
2]

= -A 2 (K 3)' [m/s 2

NOTE: these equations assume a 1:1 record/reproduce ratio.
V

d. To find the actual length of EW, measure the photographed N (NP)
and solve as follows:

EN 16.4 cm

e. lo find e, locate K and I, each 100 units from F. Measure AT.
Solve as follows:

sin-1I HI

If the bite bar is normal to begin with, G A and 3 = length of bite bar
16.4 cm.

f. To find €, measure JBp and AJp. To solve for (18 0 °-f)

tan_ 1 (AJP) = (180°-f)
JB

p

g. To find the actual length of 3K, measure the photographed 3K and
solve as follows:

AL JK* p

After resolving the inter-subject bite bar angle differences, the fol-
lowing equations are used to reduce the 11' Y2 (nl, ni vertical) and IY2.
(nr, n4 lateral) linear acceleration data pairs to a Tinear Z and angularo
co ponnt, Referenced to the center of rotation of the head:-
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0** 2
ZH =~ 1 + l  (zZI 2)' rm/s2] (1)

98Z 2  Z1
' [rad/s2] (2)

Where Z = DC = Head vertical" acceleration, position 1 (Figure B-i)
1 H

= H + (D + S) H = Head 'vertical" acceleration, position 2

D distance from earhole to position 1 (cm)

S = distance from position 1 to position 2 (cm)

These two data translation methods are performed on a MINIAC analog computer.
A schematic of the reduction process for the linear equation is shown in
Figure B-3.
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APPENDIX C j
TEST PLAN

UH-l PILOT SEAT IMPACT TESTING

INTRODUCTION

This plan outlines the impact tests to be conducted on three different
pilot seats currently being used in Bell Model UH-l (military) and 200 Series
(commercial) helicopters. One of these seats has been developed by the
Federal Armed Forces of West Germany. This new German seat is purported to
provide better pelvis and thigh support than the standard US Army Pilot Seat.Separate flight and vibration table tests are being conducted by USAARL,

but we have no capability to conduct impact tests. Comparative impact tests
on these three production seats should provide valuable data for use by the
aviation seating industry.

OBJECTIVE

To compare the transmission of crash force from the aircraft floor to
a 50th percentile dummy pelvis in three types of helicopter seats.

MATERIALS

Standard UH-I Pilot Seat, Armor Plate Frame with Contoured Open Weave Support

The standard UH-I pilot seat, armor plate frame with contoured open
weave support, provides adjustment fore-aft on "I" beam tracks and vertical
adjustment on circular steel tubes. The seat back, bottom, and sides are
flat, rigid, armor plate. A tubular metal frame (contoured at the bottom
and back for the torso) has an open weave net stretched tightly over it
to provide the sitting surface.

The lap belts are attached to the aircraft floor; however, the shoulder
harness is attached to the aircraft seat back. This seat is described in
detail in the manufacturer's reference drawing 178061-3 as shown in Depart-
ment of Army Technical Manual TM 55-1520-210-20P-1.

Standard UH-1 Pilot Seat, Tubular, Rigid Open Frame with Open Weave Net Support

The standard UH-I pilot seat, tubular, rigid open frame with open weave
net support provides identical adjustments as for the armored seat. The
sitting surface is provided by open weave net stretched over the tubular
frame in similar manner to the armored seat; however, 7.6 cm more vertical
depth is provided to permit the net material to stretch downward further
under crash loads. -
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The lap belts and the shoulder straps are attached to the aircraft floor.
This seat is described in detail in the manufacturer's reference drawing
ALlOl8-5 as shown in Department of Army Technical Manual TM 55-1520-210-
20P-l.

Standard UH-l Pilot Seat, Tubular, Rigid, Open Frame with Contoured Foam
Bottom and Back Cushions

The standard UH-I pilot seat, tubular, rigid, open frame with contoured
foam bottom and back cushions provides identical adjustments to the unarmored
seat except that the contoured closed cell foam cushion is used for the
bottom and back torso support and that a new lap belt and shoulder harness is
used with both items still attached to the aircraft floor. The lap belt
and shoulder harness release buckle is a "plug-in" type. The harness is
marketed by the Auto-flug Co. of West Germany.

TEST PROCEDURE

Seat Orientation

The seat is to be mounted on the test sled. The angle of the "floor"
to the vertical should be 16 3 degrees to assure that the impact deceleration
vector is parallel to the dummy spine. The 16 degree angle includes 4
degrees additional forward pitch to offset the effect of gravity in reducing
the hyperflexion (forward) movement on the dummy. This seat orientation
is idertical to that used by Wayne State University in an on-going tri-
service cadaver impact test program on the UH-60 Black Hawk pilot seat.

The aircraft "floor" is to be extended a minimum of 38.1 cm forward
of the seat's leading edge to provide foot support.

The seat is to be adjusted to a midway height to match the dummy size,
i.e., 6.4 cm up from the bottom position.

Anthropomorphic Dummy

A 50th percentile dummy, constructed to the standards of Department of
Transportation Spec. Part 572, is to be used. The joints shall be adjusted
to provide 1 g resistance to rotation. Suitable accelerometers to provide
X and Z acceleration shall be located in the head and the pelvis of the
dummy. If possible, a string potentiometer, connected to the hip joint,
to show vertical displacement with time shall also be provided. If possible,
within time constraints, shoulder strap load shall also be measured.
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Dynamic Test Description

The dynamic pulse required for all tests is stated in Table 4 (p. 14).
Four pulse shapes are shown starting at 4.9 m/sec to simulate a hard landing
which would bottom out the skids on hard soil and bring the fuselage into
contact with the ground without significant airframe deformation. The 6.1
m/sec pulse is slightly more severe and would probably cause fuselage defor-
mation, and it also represents a 50th percentile velocity change based on the
data shown in TR-71-22, "The Aircraft Crash Survival Design Guide (ACSDG)."
The final pulse at 11.3 m/sec represents a very severe crash that is known
to cause back injury in most cases where a load limiting seat is not used.
All four pluses show that a 2 g level is applied immediately and that the
resistance increases with time. The shape of the pulse is consistent with
the UH-I cross-tube gear for flat impacts on hard soil. The velocity change
and average g levels used in these pulses are related to the values stated in
the ACSDG as shown in Table 4.

Instrumentation

a. Head X and Z Accelerometer

b. Pelvis X and Z Accelerometer

c. Sled Longitudinal Accelerometer

d. Shoulder Strap Load (Optional)

e. String Potentiometer (Optional)

f. Cameras

(1) 500 Frame per sec (min.) color (2 required)

(2) Real Time (selected tests) (I required)

(3) Pre and Post Test (Profile and Front Views) (35 mm Color)

Inertia Reel Setting

The inertia reel is to be set in the automatic position prior to all
sled runs.

Dummy Positioning

It is important that the dummy be positioned exactly the same prior to
each test. The following procedure will accomplish this:
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a. Six targets will be located at the dummy head, shoulders and hips
for use in boresighting.

b. Push the dummy rearward at both knees with a force of approximately

150 lbs. to insure that the pelvis is against the seat back.

c. Tighten lap belt straps with force of 50 pounds.

d. The dummy will be fitted with standard regular size SPH-4 helmet.
(to be supplied by USAARL).

Data Presentation

a. Acceleration, force, and displacement vs. time data may be presented
to the original oscillograph rolls (1 each required).

b. Contact size (4" x 5") pre and post test photos (1 each required).

c. Film (1 copy each of selected runs).
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APPENDIX D

QUESTIONNAIRE

Date _.7_,_

Heig!lt Weight ___

Age Sex Years of flight status

Total hours - Rotary wing _ Fixed wing UH-l

Number of hours flown in the modified seat - this flight total

Time of flight _ Temperature

Type of flight: Instrument Night Tactical terrain

Nonstandard maneuvers NVG Cruise

(CHECK THE ANSWER YOU THINK MOST APPROPRIATE)

1. How do you rate the modified seat in comparison to the standard UH-l seat
with respect to comfort and utility?

1. Much worse 2. Slightly worse 3. Equal

4. Slightly better 5. Much better

2. Do you experience back discomfort when flying in the standard UH-l seat?

1. Never 2. Occasionally 3. Frequently 4. Always

If you ever experience back discomfort in the standard seat -

a. After how many hours of continuous flying?

b. Did you experience less back discomfort ; more back discomfort ;

no back discomfort while flying in the modified seat?

3. Do you think the modified seat provides better back support?

1. Yes 2. No 3. No difference

4. Do you think the modified seat provides better vibration isolation?

1. Yes 2. No 3. No difference
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5. Was heat buildup or perspiration more of a problem with the modified
seat than with the standard UH-l seat?

1. Yes 2. No 3. No difference If yes, was it

significant enough to cause discomfort? 1. Yes 2. No

6. Do you think the modified seat provides better thigh support than the
standard UH-l seat?

1. Yes 2. No 3. No difference

7. Do you normally fly with the standard UH-l seat in the full down position?

1. Yes 2. No

8. Did you experience any difficulty in adjusting the modified seat to a
comfortable position with respect to height?

1. Yes 2. No

If yes -

a. Were you unable to adjust it -

1. High enough 2. Low enough

b. Do you feel that this poses a serious problem to your flying comfort
or safety: 1. Yes 2. No

9. Did you experience any difficulty in adjusting the modified seat to a
comfortable position with respect to distance from the pedals?

1. Yes 2. No

If yes -

a. Were you unable to adjust it -

1. Forward enough 2. Backward enough

b. Do you feel that this poses a serious problem to your flying comfort
or safety? 1. Yes 2. No

10. Please describe any features of the modified seat that you like or
dislike.
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RESULTANT AVERAGE ACCELERATION SPECTRA
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STANDARD SEAT GERMAN SEAT

2. SUJECT01, 2.

1. ~ RMS- L 4S46 M/S2 RM-254WMS

* PEMW4CY (TIC INTERVAL IS I4Z)

2 SUBJECT#2,2

RNS- L2SM., M/92 I RMS- 2. 4"0 M/S2

2 SUBJECTP3,

1 RMS- 2.41131 M/S2 1RMS- 2.59WS M/S2

2. SJECT#4,2

01RMS- 2.11ion m/S2 1RMS- 2.37 72 M/S2

- _ ___ -



K 2 SUJECT05,2

1RI4S- 2.49M~ M/S2 I RIS- 2. in M/S2

.r N. . .... ...

2. SUBJECTM, 2.

RMS- 4WS M/S2 1 RMS- L 79162 M/S2

........... . . . ........ S

2 SUBJECTS7 2OIE

1 RMS- 2.4627 M/S2 1RS- 2.72781 M/S2

oil 0
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STANDARD SEAT GERMAN SEAT

2. SUBJECT01, 2.

RMS- i. ar M/92 I RMS- 2. UUM/92

* FREUENCY CTIC INTERVAL ISI0 U

2 SUBJECTiU2,2

RMS- 1.4s41 m/s2 IRMS- 1. 4121 M/S2

2SUBJECTO3, 2.

1RMS- 1. W816 M/92 1.RM- 2.37016 M/92

2. SU93JECTI4, 2.

1. RMS- 1. usM/92 1. RuES- 2. 1165 M/92
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2SUBJECT05, 2.

RIGS- 1.inm 1/92 1. RIS- L alS 14/S2

2 9IJECT07, 2.

2. 2

RGS- .lUS 17/2 I RIGS- 2.U540 4/2
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STANDARD3 SEAT GERMAN SEAT

2 SUBJECTG1, 2.

SRMS- 1.3084 M/S2 I RMS- IL9147 M/S2

* FREQUENCY (TIC INTERVAL IS IOHZ) t

2. SUJBJECT#2, 2.

1.RMS- 1.58313 9/S2 1 RMS- i. mw 1/S2

2. SUBJECT#3, 2.

*1. RMS- 2. 28M7 M/S2 1. RMS- 1.19M M/S2

2. SUBJECTiP4, 2.

1.RMS- 1.89 1/92 1RMS- 1. 17370 1/S2
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2. SUBJECT05, 2 j

RMS- 1. 12717 M/S2 1 ES- L.7mm M/S2

2. U. N *1~, 2

2. SLOJECT7, 2.

RtS- .1118 M/S2 I R14-uI.925 M/S2

2 2.

RMS- 1.usim 5M/S2 IRMS- 1. OM7 M/S2
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STANDARD SEAT GERMAN SEAT

5.SUBJECTD1, 5.

4. 43

RMS- 11. 34845 RAD/S2 RMS- 7.1n417 RAD/S2

2. 2

* FREW.ENCY CTIC INTERVAL IS19 I&

5. SUUBJECT#2. 5.

4. 4.

IRMS- IL.77411 RAD/S2 RM-7.31713 RAD/S2
2. 21

11

5. ~ SU9JECT93, 5

4. 4.

,MS- S. 1W3 RAD/92 RMS- 7.w744 RAD/S2
2 2. -W"RDS

1 1.
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4. 4.-

RMS- &.4217S RAD/S2 M-.153RDS
2- 2
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.,M-ILOWIROS

SUSJECT0S,

4. 4.A

RMS- M.73 RAO/S2 RMS- 11L m4 RA/S2
2.2

SUSJECT07,

4. 4.

3.9
RMS- 7.71001 RAO/S2 MiS- UL782 RA/S2

7 SUJECSECT7NE

4 S.

RMS- 7.71511 RAO/92 RMS- IL.1976RA/S2
2 2.
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APPENDIX F

TRANSMISSIBILITY SPECTRA COMBINATION
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STANDARD SEAT GERMAN SEAT

HEAD / SEAT

I

S FREUENCY (TIC INTmVAL is lw

HEAD / FLOOR 4*44

a a.

2. 2.

! I
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2 2
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APPENDIX G

CAMI SLED TEST ACCELERATION VS TIME TRACES

DESCRIPTION TEST NO. PAGE NO.

Head, chest, pelvis and A80087 60
simulated floor accelera-
tion for x, y, and z
directions

A80088 62
A80089 64
A80090 66
A80091 68
A80092 70
A80093 72
A80094 74
A80095 76
A80096 78
A80097 80

Sled X acceleration A80088-A80097 82
for each of 11 test
runs

5I

'I

59

-1



C*14 SLEO r CAM SL-EC! TEST

A40606 7 400017

ao+ TOO.

zO.

u s

00..
'IO 5+.'o lo. m ee 1W "o@ Ia Wo+. N'+. L s. Is. 1"o. is em I+ ,. lo. sm. 4.o

Ise. llee.

Ie . Ii,0.

g ,T0' +, .

I ; ,.

O 5W asm. Ise ass05. 300. 11". o.0 II. Is. m. W. 21M0 250. we0. 150. 40.

lee Isi m -- + ;

Is..

u .,, .. 0.l

N 1 44.

< e. s..

a Il ITO .

I -1. ag .

01: 50. 100. 1 210. 250. 300. a-s0. 400. 0. 50. is*. Ism. sm0. 250. 600. 1o. 400.

60



CAI S LED TEST CANj SLED[ TEST

* e. ;1

."a

00. . -25.

a0. sw IR . I0O 0 . Z6 ow 5 . 4 .s . 1 s. " 5 . 3 . 3s o

40. .. -S G.

too. 25.

!Bl , " 4, ll l5 , 25l0. 1 . BE 35.. . il. A1 N* 1 wp. 2-x. 2'. -m Sn 1I

-• 5.j

w 3n6. 25.

-am. 20.

z

40. . aS

0' 4

0, 10.

. 5e. le. 150. l10. 250. 300. 3 . 4332. 0. 01. 10. 355 200. 250. 300. 35o.. 4500. o

t2 6.

"Te"-

61 -

*1

* l " 1 i " i - " " - g P - I



j N i, ii . .....- .. . . . --

CAMI SL [o TEST C AOL L5W IE

to. 
too. 

A D

so..

41'

-+ ,- t _ .., -r- ..------ ~.&...m~ j . .

. 0. IOU so 25 00 30 30 405.- 
-' 0

a . ... ' 1m 2 o o . 2 5.. l o o 5'0. 4 0.. o , s o . i . I s m . 2 0 0 . 2 5 o . W0 1 1 , o. o

TIME MILLISECONDS

low Iw

I It

f.. Im .. .. %A ..

I_ _ _ _ _ _ _ viz Igo.'

40. as.
so,

SO .I,, 50

40. 60

too

100 ." o 0o0.mW go w. 0

+I 0. Ille.
330. 

i l5 .

68. 
-

40, O.I

.0 3 .,

62 i

I-

12



32 0. .0?. -5. 20 5, w0 5. a. 0 20 5. W . 40

'a0

102

es0o0. IO 00 5. 300. 150 .00. 10 am0 -0 20. 250. a.9. -02 400.

3 63



K. 7

Iwo.

z 401 44.

a 0

0o. 0 Il 1 5. 00. I5S. 2094. . *20 0.i 400.'

64 4S

a a 2L



'oli 1.4 250. 
rita 1.8, - o .- ,-

to 25.

"2 . ~ to.

*0. ,w5.

I o, "a0

i -s.

-0.

to. 2,tV

0 . too t0 50. '00 250. 300. tso 14o o. 50. 00too20 21 ,2i -o0 40.

6i5

_.40. l l / i l. i i , i i " .... ... . ._ -



C-1 SI., TEST cA L

too.

no -OB.

a6 60 . o 2o 'o 3o e . s. le o. 20 l- 3. o o

TIF M Is, S ol

Iw. 

to

imp..

to. t' -2 .

40 40.

'o. too I'l too0. 05 0. 1'46. A00.B. 5. B. O. 2 . O t 30. 50 40.

66



- .5., - .*A
I  

,

(p I

.,

00 0 0 5 10 ,

,ISF n',-

4 00.

no M 20.

67 0.

- -[-.- . . ,~4r~..Vr'..-



I 00100.

loo 10 10. 20 1 1. .. 0. 0 .0. 1 . Mo 1% 00w.
C1 40. 

40s

C 00

040.

0. ,0. 100a. 150 P00+ . 250. 100+. I+O. 40t0 0. 0. 5. 0. P0. 30 50 0T

so+ 
o .

o -~.oo.

00.- . 5

Iwo. too.

PI. Beso.

.0.

2o.1
40.

40

to.P *11 0049 I'm P O .20 rt

68



6 (.80* S. IS

100..2

.0 '

'l Is,

Wo. 29

j. 00 o 1" 1" ".19 I - o ~o Io o 5-1 o 1

0 a. . Ia.

a ~1.

00"o -20.A

0. I am. I so. 266. 250.0. 35a. aml. 0. so. too. ISO. 20. 2so. 300. 15o. 400

0oo. -25.

o 1. 
's,

o 40. . U *.

0 5.

11 _

.0. a 5.

0 a.

I -25.
.1. 1- 00 1-0 00 91 300. 90 400 0. 5o0 10. I 50. -. 090. 300. 39 o'40

* 69



1*444 SLEO TEsT 'A .1b[ TEST

-a W -- t VI.0

toot

[. .

-ee-

Be. so.

- , r o' 82t

ea . so.

uu

Wo 444.

88. 00.,

- .

o. -- at

* ..TIsm-

o. 90 8. 45. ?"o. 20. loo. -g0. 4111. 0. so. le. Is8. me. 5. 0. 35. 80

;'O 70



4J

(AM SLED TESl CAM SLEU EST

too. 2,1.42 20. ooo

0 .

., (0

oo. 2

0. 52 WO. 50 20. 22. 30. 90 40.0 50. 100. (50. 200. 250. 322. 350.

AtM SI l L L ISECOIJOS

1B0e.. 25.

S.

.,, ,. ,, I 'I I , .2~..4~li4'~~.-2*S*~\J-- I .

.4 1.i i 5.
'o i.o

I A III

I 5i. o. 0. ,00. 2110. s. e. me1. 0. so. I"O. (50. 00. 25o. 3o. 3 W. 400.
08m. 25

OV-- :" " I m.

* 22[15..

* K.

a '5 too. I zoo 250. loo. -m. 2O0 m. lo. too. le. loo. z1 . leo. -0.

71

tp



CAMI SLED TEST CAfl SLEu TEST
ASSOOB ASOeO

too.

0 "0
II

4

a. 9, 15o. 1l 2 2 . m 3.. . 24$ 20.. am. - o

T TIE MILLISE.COTCS
300S. 3 .

o. -e.

M. We,

C f

/ so.

00. -006.

30m.

020.

'50

I...

.A
lee a.0 -,- 20.Ie o. i. w. 3W s.-o. so In. m Po. z , lo. 1 . 46.



C-1A SLIE TEST cA"I
s
~t as , I

0 el. j IS

Lg,.i I"

u

u

. s. low. I.@ 2". 256. Sei. 350. 40. G. so. ie. 1is. 24e ie. am e. e. .
TIME MILUCOND5

lid

WAM V. +

a -3
it

so. -28.
I I.

e. . e c v-/ e 
,

. se, , .me e m4. 4, . O,, v..w. sd. i6..

25.

so 20.

Is.2

1.t

'0. AAih A A.

- 2m. 0 -5.

425.

0. So. . 158. zoo. 2-346 w.00 Sis. i"o. C. 92. lee. iIs. Poo. 2%m. lee. 350. ice.

-4

73



CAMI SLED TEST CAMi SLED TEST
AegiS4 ASeS

Ion. Msr.

Ito. S.

asOi. soI.

a.

u
-8. lu -am.w

ii.'

LI UIt iM

On. so.

-. -m.00 ~' I .
0. 55. 26a5. 356. 263 *53. MN. SW., 4MO. U. 56. EMs. 35G. 260. 2T.0. SM.+ 350. MO

till. 014,

_1 41 4I e.
300

5. 6. I N. ISM. 26. 25. see. 55. A". 0. 5. too 36l. 5. 2 25. ee0. 350. Adm.

ice. lam.

me. Am.

Ad. MOC

A -as. II "0

_041. M.

too-3la. I
. so. am. 350. 2M. a50. sm. 356. 406. 0. 50. lee. Ise. 2014. 250. ,oo. 3509. 40O.

74



-. 1! All ellt~ CAM! SCEO TE5t

A0009a4 A80004

40, IF,

0. .0 me. I's a00 ss. 3" -r 4Do. 0. s0. tOO. 50. zo0. I's 12 11 Ao,

loo. 25.

VI 0

II I .

Ise e5Is

as I

4l-0. is

40.~

0 a I0 pol I o vo0 r0 -so000. . I ft. 5%8. Po. 21". l00. 1110, .011



eI

(AM! SLE IESSILSI

B . ? .

a.0
1 .. .. 62.. . .. hi ._ ._

• u

S- 00. h -tIn.

4.0. ? °.

0. -0.

ee. sm .

'-on. e.

.26

'31

ya

80-4 . y -611.

u

00. -0.

0. so. 11,1. 1541. amn. 256. 300. afso. "oli. a. sm. am. 350. 2W. 25w. 3M. .511. am.

- Be5. on.

4d. 411.

40, -411.

-so. no.

-tem. -too39.
a. Ill. 1". 356. zoo. 2501. 300. 3150. 400. 0. o. IIIm. sm. M. a"6. v56. Am.

76



too 
SMSAO9

o.1

- . 2-

.2

o lo

m '0. o0. ISo. 200. 290 30. l 40. m. 5o. too. ISo. 200. 250. loo. 45o 400

to: 25

.. no I '0 , . loW .. o two. a. In 0. . 200. 250. 'On -oO40

77I



I low

on. B0.

as. am.

- 44 ",. 11 202 H, .IH.4.. Sl . 1 m.21 ti 'e

26. -o.

.40. 40.

-bo -60.

081. -a0.

_100. -I00.
0. 46. 10@. 150. 20&. 2"0. 300. 350. 4M0. Ia. I0 00 15o4. 22o. 2544. .. a0. so4. .400.

i l I I '~ li l I*L )5

so..

S 4,,

an .

-7m.

o 3. i--40.

-s0. -114.

-400. -40
0. so. 400. Ise. ads. 250. 300. 3505. 5 0 3. ISM. 46. 26. 250. 300. 35. 4400.

400. 

I00.

60. so.
z 46. ..

20. 20.

64. -N.

* 00. -to@.L
a. 544. 40. Ise. z0. 2544. Iles. 'I50. .40. a. 60 "0. 150. ass. 2ss. 36m. 356o. 4400

77

OL



KCAMI SCGTS 11SE T T

-s-
1 ~ ~ i $4.11 TMI, ^M Ilt 64CD."

1". 25.

26is. - .

* .41. 1

KOM ''11, 1 KJ
5 .0 15.040

'. of. 'go U.S tDO I'm. 35. 5. a. so. 1. -o o. 23. lo ~ . 4a

25

I.(

I. u Is.

If-25.

. i O I. . I . to.o 4"0. s 1. e. so. . , 250. 310. 39 00 . .0.

79 
.,

1 -15.

.0 C O 1 1. 5 0 4 5 T O . 5 . 0 . C i ' 0 ? S I l C I

,.+.



LAMI MLI) 'lt f AMj &t(ED is?AeBSOB? ,AeeSO?AiS12 .801119
tlm. - 300.

, h o " ,.

lea. lM.

w0. P ll

' I

t

a. So. too. I5. "m 2Is m. 450 m0 . 56. I=. ISO. 2115' 256. 3020. 350. *00-

oo. IseO.

Ell

* . SO.

800

a. -50. in Ism. 2412. 250. 400m. i1m. o.0 0 o 50 "o. Ise. 200 Ise. 30. h. 400.

40-11, .8.t

a. so. I Ism. 20111 I5sm Is0. .5 It. 90. 1014. Ism, ^o. 5. 130A. 40 40o.L

80 

L



*i

Lme.[

. 5.

SII

* 20,

04..

* LL,

I m: 25.

5o 'm.0. m as o 15 . so to Im e 5 wo ' o
20, ., 8

81



I

CAM: $LEO TEST

Asse

15.

I a.

so It. s. 0
s.

z8o A all.

e.l. S 0. lU 59. o. s. .a

r724E M4ILL I SECLTiNUS

CAI SLEO TEST CAMI SL.ED rEST

T. 25.

'  
- / ,,5.

a - - - 4- -

i i flUl a -10.I 1Fl 1 %

ISr S

0. *. IN.. I%. @W, a" 350 U 0. 50. low. ISO. we6. 90. Imo T10 e0a.

TINS OhIaSJM 11 1IStiflu"WT

I AM] 'I F1 IITOIO L*1 %I Fli TEST

25. 25.

o .

5 .4 .

A i. 9. . .\
-4

82



5:>J TSL L*-1 SLED TESr

*80092 *B0flS

25. 25.

If2o.

o 0.

W, e L10 lO I"0 O.P. ib00 Mill 400. U. So low LW ow0 LO IAO ILL. 414

CMI SLED tEsT (--l SLED TEST

ARMGQ3 A80000

ve 7m. e

Li 196 . 159 2". 25111.- 1". U 4 -6W
me LLI E 0 0 1

5 5.3



K - . . . . .

-~

6

-4

-J
.4-I

I
4

~1
I

I 2

-,

1 S.

WI

K

t1
LI

6 84 '1
I I



APPENDIX H

LIST OF TRADE NAME EQUIPMENT

Columbia Research Laboratories
IcDade Blvd., and Bullens La.
Aoodlyn, PA 19094

Model 510-TX piezoelectric accelerometer

Electronic Associates, Inc.
185 Monmouth Parkway
West Long Branch, NJ 07764

Mini-AC analog computer

S.E. Labs (EMI) Ltd.
North Feltham Trading Estate
Feltham, Middlesex, England

EMI 7000M tape recorder

Endevco
Rancho Viejo Road
San Juan Capistrano, CA 92675

Model VT-3 Pad
Model 4470 Signal Conditioning System
Model 4825A accelerometer simulator

Entran Devices, Inc.
145 Paterson AvenueLittle Falls, NJ 07424

Model E6AL-125-10D ultraminiature accelerometer

Hewlett-Packard
P.O. Box 105005
450 Interstate North Parkway
Atlanta, GA 30348

9825S Desk top computer
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Kistler Instrument Corp.
75 John Glenn Tr.
Amherst, NY 14120

Kaig-Swiss charge amplifier

Metraplex Corporation
Berkshire Industrial Park
Building 3
Bethel, CT 06801

iModel 300 multiplexer
Model 340D strain guage conditioner

LI
Nicolet Instrument Corporation
5225 Verona Rd.
Madison, WI 53711

660 FFT analyzer I
160C data recorder

Systron-Donner Corp.
1 Systron Drive
Concord, CA 94518

Model 8150 time code generator
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